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© Use of anti-TNF to treat bacterial meningitis. 

© Bacterial meningitis infection in a mammal is treated by intravenous infusion of therapeutically effective 
amounts of monoclonal antibodies which bind to tumor necrosis factor alpha. Treatment can be initiated up to 
five hours after bacterial challenge and is preferably in combination with an antibiotic selected from 
cephalosporins and aminoglycosides. 
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Beld: This apptoti n is concerned generally with a treatment of Infection and specifically with the u>. 
of monoclonal anybodies that bind to TNF to treat bacterial meningitis specifically wrth the use 

PnorArfc Bactenal meningitis remains one of the more difficult management problems in clinical m ^„o 
Evrdence suggests that bacterial meningitis represents Infection in a Vto - whr iTrSZS S , rned.ane. 

5 resistance. Wrth essentially no antibodies or compliant pmsem h to »M fluid ^ ^ 
\ are essentially unable to contribute to the clearing of the Sing *£££i TJP ^Z^*** 
Morbidity and mortality from bacterial meningitis remains high a detih nJe 2%S d,SeaSe - 
meningitie has not changed over the past 40 years deS new £££L^L fj „ P" 8 "™^ 
therapy practices. Bacterial meningitis fe deJSn dK in Cec^Te^T J m ? w° ""S* 8 ™^ <* 

,o pages 165*161 . tha details of which are in«>rpSd SEU * 18ttl 34 

in thTt^^T^L"^ 3 <aCt0r ^ ,n "anlngWa is described in an article by Ardftl et a! 

a,., to Journal* l^ous Diseases. vol. 1Bo'.£ ^Si^SE^Sf " ^ * ^ - 

Although current practices include rapid diagnostic procedures and aggressive treatment with ths i*** 
h«*2!i V? °' I?"! 55 r? P ™ S * nt ""^ P™ 3 " 85 <° "»*«• ™***v m< morality among vtaims of 

sir ^rsMa^ri'.^S: 

*«? ^f^* 0 "" 3 * finning bacterial infections, most notably sepsis, the prevention of inflamma- 

of the pralnflammatory-cvtolone tumor necrosis factor has received considerable attention 
neJ2f^^ □fj^rimerrtally-induced sepsis with antibiotics and antibodies capable of nsutrafelng tumor 
^ f ° Und 10 ^ in 3 hiflher 1319 <* comparison to animals le2d wWi 

?3f^1r^2SS^. aflS ™^ <0 te dem °"* ated in «P* « necessary toTnfsailSdy* 

rL «, ^f 19Ba " 3,50 H,nshaw * «l> Circulatory Shock. Vol 30. pp. 279-292. 1990 

u JfZL lntra T QU3 fOU ? <* ^ministration of this protein-based, therapeutic the like^oodlf'to 

wfm^r an ; n9 J™ f ^ C ° ndUS,0n W3S °" *■ ^ U -P«°" * P°°f penStionS 

Oils macramolecula across the blood-brain barrier and restrictive timing of adminfctraOonrt to antiTmor 
necrosis factor for the prevention of death due to sepsis under experimental condition* 
m J^JJ" £ ° f teaC !!f * 3t ^ minist ^" of sufficient quantities of neutralizing antibodies to TNF 
iS£T Pn0f 10 ^ Mi,Sarit> 3nd Cerami - Scief1c * 229:889^71. 1885; Tracey et J NaLro 
330.SS2-SW 1SS7) or concomrtant With (Unshaw et al.. ClrcShock 30:279-292 1990; Saddmnen at al J 

S^ASSS^ to fiva houre ^ am '" w monoc,ona ' aM - 

application *«a»be» «ne unexpected findings that Imravenous administration of a mon- 
m^H, y Pr6p ^ atIOn 10 tumor necrosis ^r saveral hours after initiation J F SSIb Tb^cteriaJ 
meningme augments the ac.iviry of antibiotics and leads to enhanced survival and Lproved c^caTSS 
of animals in comparison to animals treated with antibiotics alone. "nprovwi cunicai status 
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SUMMARY OF THE INVENTION 

We have found that intravenous infusion of monoclonal antibodies to TNF are effective in treating a 
mammal having an infection of bacterial meningitis. Our method is effective up to at least five hours after 
u 5 infection and especially useful for the treatment of gram negative Infections by augmentation of traditional 
) anti-bacterial chemotherapy using antibiotics such as cephalosporins or aminoglycosides. 

Our method involves intravenous infusion of monoclonal antibodies that bind to TNF (anti-TNF) in an 
amount sufficient to treat a meningitis infection in a mammal. In another embodiment a monoclonal antJ- 
TNF is sufficient to neutralize the TNF produced by the mammal in response to the meningitis, ft is thought 
70 that the treatment described herein is especially useful against Escherichia coli meningitis. 

As used herein the term therapeutically effective amount (of monoclonal anti-TNF) means an amount 
expressed as mg/kg body weight, sufficient to result in clinical improvement in the signs and symptoms of 
disease and/or prevention of mortality In the more critically III mammal- That effective amount (or dose) 
ranges from about 1 mg/kg to 20 mg/kg mammal body weight preferably about 15 mg/kg. 
is Phajmaceuticaily acceptable vehicle means a carrier suitable for delivery of safe and efficacious 
amounts of anti-TNF by the intravenous route. 

Intravenously means Injection directly into the blood circulatory system as done, for example, via 
venous or arterial routes (and as distinct from intracranial or spinal / administration). 

80 SPECIFIC EMBODIMENTS 



The ArrU-TNF Preparation: in me examples below, the monoclonal antibody preparation was tfSnHiHa& ami 
human TNF immunoglobulin G known as AiOGiO expressed from a hybridoma cell line deposited with 
ATCC having Accession No. HB 3736. 

25 

Strains and conditions of culture 



Escherichia cofi strain 050:Kl was employed in illustrative studies. For the growth of bacteria, brain- 
heart infusion broth was inoculated from frozen stock cultures and allowed to grow two hours at 37 -C. The 
30 bact9ria were collected by cerrtrifugation, the pellet was washed and resuspended to the desired concentra- 
tion. 



In vivo studies 



ss A pig mam mail an model of meningrtis was used to assess the monoclonal anti-TNF In vivo. Outbned 
Chester-White pigs, weighing 8-11 kg., were anesthetized, then infected intracisternally with either 6x10 s 
cfu (for physiological assessment) or 2 x 107 cfu (for survival studies). For physiological studies, a total of 
eight pigs was infected, then divided into two groups of four each for testing. For survival studies, a total of 
28 pigs were infected and divided into two groups of 13 each for testing. 

40 For physiological studies, three hours after infection pigs were again anesthetized. One group was given 
15 mg/kg of the monoclonal anti-TNF via Intravenous infusion in an ear vein, while the other group was 
given placebo (consisting of the pharmaceutical vehicle). Also, all animals were given 5 mg/kg of gantamicin 
sulfate intramuscularly three hours after infection. She hours after infection (and three hours after treatment) 
the pigs were again anesthetized and blood and cerebral spinal fluid was removed for study. 

ds For survival studies, five hours after infection pigs were anesthetized. One group was given 15 mg/kg of 
the monoclonal and-TNF via intravenous infusion in an ear vein, while the other group was given placebo 
(consisting of the pharmaceutical vehicle). All animals were given 75 mg/kg of ceftriaxone intramuscularly. 
Surviving animals were- given subsequent 50 mg/kg doses of ceftriaxone 24 and AS hours after Infection. 
Animals in this experiment were observed far mortalities for seven days. 

50 

Results: 

Physiological studies 



ss Cerebral spinal fluid from the anlmaJs was assessed for presence of tumor necrosis factor (TNF), 
interleuken 6 (lL~6), lactate, glucose, white blood cells, and bacteria. Both blood and spinal fluid were 
assessed for the concentration of anti-TNF to determine the degree of penetration of the immunoglobulin 
across the blood-brain barrier into the central nervous system. Results from the spinal fluid demonstrated 
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that In pigs Treated with the monoclonal anti-TNF, no detectable TNF was present In contrast pigs treated 
only with antibiotics had an averagB of 42 picograrns per m! of TNF. Also, the spinal fluid from anti-TNF 
treated pigs had reduced levels (at least 77% reduction) of the cytokine IL-6, with an average of 2,747 units 
per ml, in comparison to control animate with an average of 12,087 units per ml. 
; Animals treated with the anti-TNF monoclonal antibodies did not have discernible differences in 
} pieccytosis, lactate, glucose, or reduced numbers of bacteria In comparison to controls. These results are 
summarized in TablB I below. 



TABLE I 
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RESULTS OF SPINAL FLUID DETERMINATIONS 


GROUP 


TNF pg/ml 


IL-6 units/mi 


LACTATE mg/1 00 ml 


GLUCOSE 


WBC 


BACTERIA CFU/ml 


mg/1 00 ml x lOeB/ml 


Control 
Anti-TNF 


4i.s±as 

<5 


12,087 
2.747 


4.3x.1 


63=11 
95*2 


4.00x2 
5.07X.09 


5.fi2x10e4 

3.l8xlQa5 



The average penetration of the monoclonal anti-TNF into the cerebral apinal fluid was determined to ba 
4.5% of serum values. 



Survival Studies: 
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Deaths In the control group, treated with ceftriaxone only, had rapid onset reaching 77% 24 hours after 
infection. In contrast, in pigs treated with the monoclonal anti-TNF and ceftriaxone, deaths accounted for 
only 15% of the total 24 hours after infection. By the end of the experiment seven days after infection, 82% 
of control animals had died while only 38% of the monoclonal anti-TNF group had died. The results are 
summarized in The Table II below. 

TABLE II 



SURVIVAL RESULTS 


TREATMENT GROUP 


DEAD/TOTAL AT INTERVAL 




24h 


46h 


7 days 


Control 


10/13 


1Q/13 


12/13 


Anti-TNF 


2/13 


4/13 


5/13 



Discussion 



The data indicate that monoclonal anti-TNF, when used in conjunction with antibiotics, can serve as an 
45 efficacious agent in established bacterial meningitis infections. In a surprising finding, the physiologic study 
indicated that me Intravenous administration of monoclonal anti-TNF in animals infected with Escherichia 
coli in the central nervous system can lead to the neutralization of TNF in the cerebral spinal fluid, and 
results in the reduced production of the cytokine IL-6. 

In the survival experiments, the results indicated that animals {mammals) Infected with a potentially 
50 lethal challenge of Escherichia coli in the central nervous system can be protected by intravenously- 
administered monoclonal anti-TNF in combination with an antibiotic, and that this protection is evident for a 
period of at least seven days after infection. Therefore, it is thought that this agent should be considered as 
a therapeutic agent in human use for trie described bacterial meningitis as wed as for other medically 
important bacteria capable of causing this disease. 
65 Given the active disclosure it le thought that variations of treatment will occur to those skilled in 
treatment of infectious diseases. Accordingly, rt is intended that the above examples should be construed 
as illustrative and the invention disclosed here should ba limited only by the following claims. 
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Claims 

1- Use of monoclonal antibodies *hich bind to tumor necrosis factor far the preparation of medicaments 
for the treatment of bacterial meningitis infections. 

) 2. Use according to claim 1 wherein the medicament additionally comprises an antibiotic. 

£ Use according to claim 2 wherein the antibiotic Is selected from the group consisting of cephalosporins 
and aminoglycosides. 

4. Use according to any of claim l to 3 wherein the antibodies are included in a pharmaceuticaJlv 
acceptable vehicle. 

fi. Use according to any of claims 2 to 4 wherein the antibiotic is selected from ceftriaxone and 
is gentamlan. 

6. Use according to any of claims 1 to 5 wherein the antibody is expressed from a hybrldoma having an 
ATCC Accession No. HB 973$. w 

20 



30 



40 



4$ 



60 



66 



5 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 93 11 3072 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CLASSIFICATION OF THE 
ATTUCAHQN flb^LCLS) 



WO-A-90 01950 (CELLTECH LIMITED) 

* page 5, line 16 - page 6. line 7 * 

* page 6 f line 24 - paga 7, Una 9 * 

WO-A-90 00902 (CHIRON CORPORATION) 

* page 2. line 30 - page 5, 1 1n* 27 * 

* page 9, Una 22 - page 13 , line 6 * 
" page 17 - page 18; table 1 • 

WO-A-92 03145 (PEPTIDE TECHNOLOGY LTD) 
■ page 4, line 12 - page 6, line 2 * 

PR0GR.CL1N. BIOL. RES. 
vol - 367 , 1991 
pages 141 - 159 
THIERRY CALANDRA ET AL. 
1 ANTI-LIP0P0LYSACCHARIDE AND ANTI-TUMOR 
NECROSIS FACTOR/CACHECTIN ANTIB00IES FOR 
THE TREATMENT OF GRAM-NEGATIVE BACTEREMIA 
AND SEPTIC SHOCK. ' 

* page 148 - page 151 ■ 



1-5 



1-6 



A6HC39/395 



TECHNICAL FOODS 



ASlkC 
C07K 
C12P 



i ref at ba> W*a ^tvo up for all dflfeai 



THE HAGUE 



S Decaaber 



1993 



Reapp, G 



CATCCO KV OF OTED DOGJMEZNTS 



Y : pvvkahBl^r^OTwit if 
P 



T : U«jry or iftixtfti* vaiwtjtag Ifcf i*' 

ttvdii fiUnx fast 
D r daaMR dt* to ippttcfltaB 



■he o* (Wc 



I tarty. 



